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ABSTRACT: Cytogenetic studies of ovarian cancer have been conducted in the Medicine Branch, NCI, 
National Institutes of Health for 5 years. A total of 72 patients were studied by direct prepa- 
ration and/or 1- to 3-day short-term culture of ascites (86 samples), pleural f/uid (4 samples), 
and tumor (2 samples). Repeat examinations (1-24 months later) were performed in 7 of the 
72 patients. Forty-four patients (62%) were successfully analyzed with banding techniques: 6 
patients had adenocarcinoma, 7 had serous adenocarcinoma, 13 had serous papillary adeno- 
carcinoma, 7 had serous papillary cystadenocarcinoma, 2 had mucinous adenocarcinoma, 
6 had undifferentiated or poorly differentiated adenocarcinoma, 1 had clear cell adenocarci- 
norna, and 2 were not classified. Of these 44 patients, 29 had received prior chemotherapy, 
14 were untreated, and in 1 patient the treatment status was unknown. Aneuploidy was ob- 
served in all patients and there was considerable variation in the chromosome numbers {even 
within single samples), oJten ranging from diploidy to triploidy to tetraploidy. All 44 patients 
had numerical abnormalities and 39 had structural abnormalities. The chromosomes most 
frequently involved in structural abnormalities (in decreasing order according to the number 
of patients involved) were #1, #3, #2, #4, #9, #10, #15, #19, #6, and #11; the least 
involved chromosomes were #21 and #5. Clone formation and the number  of chromosomes 
involved in structural abnormalities increased with duration of disease and were more exten- 
sive in patients treated with chemotherapy than in patients treated with surgery alone. Our 
data did not show a deletion of chromosome #6 (6q-  ) to be specific for ovariml cancer. 

INTRODUCTION 

O v a r i a n  c a n c e r  is the  l e a d i n g  cause  of gyneco log ic  c a n c e r  d e a t h  in  the  U n i t e d  
States.  In m o s t  cy t ogene t i c  i n v e s t i g a t i o n s  of th i s  cancer ,  t he  t ype  s t u d i e d  ha s  b e e n  
e p i t h e l i a l  c a r c i n o m a  of the  ovary ,  w h i c h  a c c o u n t s  for 8 0 % - 9 0 %  of o v a r i a n  ma l ig -  
nanc i e s .  S tud i e s  c o n d u c t e d  b o t h  p r io r  to a n d  s ince  t he  d e v e l o p m e n t  of c h r o m o -  
soma l  b a n d i n g  t e c h n i q u e s  h a v e  s h o w n  m u l t i p l e  s t ruc tu ra l  c h a n g e s  a s s o c i a t e d  w i t h  
ova r i an  c a n c e r  [1-12] ,  a n d  severa l  of t he se  i n v e s t i g a t i o n s  h a v e  r e v e a l e d  no  speci f ic  
c h r o m o s o m a l  m a r k e r  [4-6[ .  In 1979,  h o w e v e r ,  T r e n t  a n d  S a l m o n  [9], u s i n g  t he  agar  
c o l o n y  sys tem,  r e p o r t e d  a spec i f ic  n o n r a n d o m  c h r o m o s o m a l  a b n o r m a l i t y  in  t h e i r  
ova r i an  c a n c e r  pa t i en t s ,  a d e l e t i o n  of the  long  a r m  of c h r o m o s o m e  # 6  { 6 q -  ), w h i c h  
p r e v i o u s l y  h a d  no t  b e e n  obse rved .  A year  later ,  W a k e  et al. [10] r e p o r t e d  the  s ame  
m a r k e r  p lus  an  a d d i t i o n a l  speci f ic  m a r k e r  i n v o l v i n g  c h r o m o s o m e  # 1 4  in  t h e i r  
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study of papillary serous adenocarcinoma of the ovary. During the 5-year period, 
1976 to 1981, we have had the opportunity to study 72 ovarian cancer patients. We 
were interested in identifying any specific markers and the degree to which chro- 
mosomal abnormalities were influenced by duration of the disease, prognosis, and 
treatment. 

MATERIALS AND METHODS 

Materials 

Cytogenetic studies of ovarian cancer were conducted in the Medicine Branch, NCI, 
of the National Institutes of Health from June 1976 until April 1981. A total of 72 
patients were studied by direct preparation and/or 1-3-day culture of ascites (86 
samplesl, pleural fluid (4 samples), and tumor (2 samples). Repeat examinations 
were performed in 7 patients, 1-24 months later. Successful banding preparations 
were obtained in 44 patients from 45 ascites samples and 3 pleural fluid samples. 

Pathology and Cytology 

The diagnosis was established from pathologic examination of the surgical speci- 
men when possible. Cytologic determinations were performed on 5-15 ml of fluid. 
The cells were collected on a Millipore filter, fixed with modified Carnoy's (a 70% 
solution of 95% alcohol, 25% chloroform, and 5% acetic acid), and stained accord- 
ing to the method of Papanicolaou [13]. 

Cytogenetic Studies 

Ascites and pleural fluid specimens were collected with heparin, the specimen was 
centrifuged, and the cell button resuspended in either a colcemid solution (direct 
preparation) or in McCoy's 5A medium with 20% fetal calf serum (1-3-day culture). 
The cells were harvested according to the air-dried chromosome technique of Tjio 
and Whang [14]. Tumor samples were minced, and the cells dissociated from fi- 
brous tissue by the use of a steel mesh; the cells collected were resuspended in 
media at a final concentration of 106/C*. Chromosome preparations were made di- 
rectly or after 1-3 days of culture. In all cases, 1 slide was subjected to regular 
Giemsa staining, 1-2 slides were saved for C-banding if necessary, and the remain- 
ing slides were Giemsa-trypsin banded [15]. Karyotypic analysis was performed ac- 
cording to the conventions established at the Paris Conference of 1971 [16]. 

Ploidy Designations 

The ploidy designations used in this article are defined as follows: hypodiploidy,  
fewer than 46 chromosomes per cell; pseudodiploidy, 46 chromosomes with an 
abnormal karyotype; hyperdiploidy, 47-59 chromosomes; triploidy, 60-80 chro- 
mosomes; and tetraploidy, 81-120 chromosomes. 

RESULTS 

Successful banding analysis was obtained in 44 patients, who were divided into the 
following histologic types according to their pathologic and/or cytologic diagnoses: 
adenocarcinoma (6 patients); serous tumor (27 patients), including serous adeno- 
carcinoma (7 patients), papillary serous adenocarcinoma (13 patients), and papil- 
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lary serous cystadenocarcinoma (7 patients); mucinous cystadenocarcinoma (2 pa- 
tients); undifferentiated or poorly differentiated adenocarcinoma (6 patients); and 
clear cell adenocarcinoma (1 patient). Two patients were not classified. 

Successful banding preparations were obtained from 45 ascites and 3 pleural 
fluid specimens from the 44 patients. All patients showed aneuploidy with numer- 
ical abnormalities and 39 patients had structural chromosomal abnormalities. Fig- 
ures 1-4 show karyotypes from four patients with various structural abnormalities. 
There was considerable variation in cell chromosome number including wide 
ranges within single samples: hypodiploidy only (5 patients); hyperdiploidy only 
(2 patients); hypodiploidy and pseudodiploidy (1 patient); pseudodiploidy,  hyper- 
diploidy, and triploidy (1 patient); hypodiploidy and hyperdiploidy (11 patients); 
hyperdiploidy and triploidy or tetraploidy (16 patients); and triploidy and/or tetra- 
ploidy (8 patients). Table 1 shows the clonal abnormalities in the 29 patients with 
structural c]onal abnormalities. All chromosome pairs were involved in structural 
abnormalities in these 44 patients, and the frequency of involvement (i.e., the num- 
ber of patients involved per chromosome) is shown in Figure 5; chromosome #1 
was the most commonly involved, followed by #3, #2, #9, #10, #15, #4, #19, 
#6, and #11, and chromosomes #21 and #5 were the least involved. Thirty pa- 
tients had structural abnormalities of chromosome #1, and in 22 of these patients, 
the abnormality was clonal in nature. The most frequent abnormality of the short 
arm was lp  + ,  with the extra material of known or unknown origin; in the long 

Figure 1 Karyotype from case 19 showing: 46,X-X,-2,-6,-11,1q+,2p+,t(2;7) ,  8p11-,  
+ 9p + ,15q23 - ,  + 17q + ,19q +, + ring, + min. 
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Figure 2 Karyotype from case 26 showing: 3 8 , X X q 2 3 - , - 3 , - 3 , - 8 , - 8 , - 9 , - 1 2 , - 1 2 ,  
-13, -16,  18, 18 , -22 ,1q41- ,1p+q32- , lp31-q+ ,2p+ ,4p15- ,7p15- ,7p+ ,9q  ,t(lq;10), 
11q+,15q+,17p+,19q+,20q +. 

arm, deletion of the band area q21 to q32 was the most common. Table 2 shows the 
variety of abnormalities of chromosome #1 seen in these patients and Figure 6 
shows the abnormalities seen in ~>50% of the cells in each affected patient. 

Chromosome #3 abnormalities were seen in 27 patients, the abnormalities being 
clonal in 16 of these patients. The number  of patients and the percentage of cells 
involved for each specific abnormali ty are listed in Table 3. The most common 
abnormality was 3 p 1 2 -  (7 patients), followed by 3 p 2 5 -  and 3 p 1 3 - ;  3p+  and 
3q + were each observed in 5 patients. 

Chromosome #6  abnormalities were present in 17 patients (Table 4); in 9 pa- 
tients they were clonal. Six of the 17 patients had deletions involving the p22 band 
in 8%-80% of their cells; deletions involving bands 6q25, 6q23, and 6q24 were also 
noted. Five patients had structural abnormalities of chromosome #6 in 50% or 
more of their cells (Figure 7). Fifteen patients had chromosome #14 abnormalities, 
which were clonal in 6 patients. The most common abnormalities were 14q+,  
t(14;15), and t(13;14), and the number  of cells involved ranged from 11%-60% (Ta- 
ble 5.) A translocation between the terminal portion of the long arm of chromosome 
#14 (14qter) and chromosome #6 was not observed in any of the 44 patients. 

Patient 6 had chromosome numbers  ranging from 38 to 85 per cell, and all cells 
had a homogeneously staining region (HSR) on the short arm of chromosome #7. 
At the time the specimen was collected, this patient had received no treatment 
whatsoever, including surgery. Patient 31 had chromosome numbers  ranging from 
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OVARIAN CANCER 
STRUCTURAL ABNORMALITIES IN 39 PATIENTS 

4 0 -  
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Figure 5 

/ -  

1 2 3 4 5 6 7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6 1 7 1 8 1 9 2 0 2 1 2 2  X 

CHROMOSOME NUMBER 

Incidence of structural abnormalities in 39 patients. 

60 to 67 and mul t ip le  double  minutes  (DMs) in 1 cell and one DM in 4 addi t ional  
cells. This pat ient  had been treated surgically but had no history of chemotherapy  
or radiotherapy.  Patient 32, who had been treated with  PAC (plat inum, adr iamycin,  
and cytoxan), had 4 DMs in a single cell. 

The patients were d iv ided  into two groups on the basis of t reatment history (Ta- 
ble 6). One group (29 patients) had received chemotherapy  and/or radiotherapy,  and 
the other group (14 patients) had received no such treatment (most pat ients  in both 
groups had received surgical treatment; the treatment status was unknown in 1 
patient). In the untreated group, the number  of chromosomes involved in structural  
abnormali t ies  in each pat ient  ranged from 0 to 16, with a median  of 3. In the treated 
group, the number  of chromosomes involved ranged from 0 to 22, with a median  of 
9 chromosomes.  Five of the 14 untreated patients and 23 of the 29 treated pat ients  
showed evidence of clone formation. 

Table 7 shows a compar ison  between the number  of chromosomes involved in 
structural  abnormali t ies  per  pat ient  during the first 2 months  of disease and the 2 
months immedia te ly  preceding death. The former group had a median  number  of 
2.5 chromosomes involved and 4 of these 10 patients had clone formation. There 
were 11 patients in the group s tudied 2 months prior  to death, 8 of whom had clone 
formation, and the median  number  of chromosomes involved was 8. No increase in 
chromosomal  breakage or aberrations was observed in this group of patients when  
the results were compared  to those of a normal control group. 

DISCUSSION 

Specific chromosomal  markers had not been reported in ovarian cancer unti l  1979, 
when Trent and Salmon proposed  that there is an associat ion between ovarian ad- 
enocarcinoma and delet ion of part of the long arm of chromosome #6; this propo- 
si t ion was based on their  studies using the agar colony culture method [9]. The 
same year, Woods  et al. [8] publ i shed  their  studies on tissue culture l ines estab- 
l ished from four patients wi th  serous cys tadenocarc inoma of the ovary: chromo- 
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r a b l e  4 S t r u c t u r a l  a b n o r m a l i t i e s  of c h r o m o s o m e  
# 6  in o v a r i a n  c a n c e r  {17 pa t i en t s ,  9 
c lonal )  

No. of Percent 
patients cells 

6 p + q 2 5 -  1 10% 
6 p l l  1 8% 

o /  o 6p22 - 5 9 /o-I00 Vo 
dic(6;22)(p22-*qter::q 13-~qter) 1 80% 
6p25 1 8% 
6q21 - 3 17%-50°/,, 
6q22 3 10%-66% 
6q23 2 33%-67% 
t(3;6)(q24;q23) 1 80°/, 
6( t24-  '3 10% 25% 
6q25-  5 8% 90% 
6(t26 - 1 17% 
6q + 3 10%-25% 

some  b a n d i n g  s t ud i e s  r e v e a l e d  tha t  c h r o m o s o m e  # 6  was  one  of four  c h r o m o s o m e s  
(#1,  # 3 ,  # 6 ,  a n d  #7 )  i n v o l v e d  in  m a r k e r s  in  all four  cel l  l ines;  c h r o m o s o m e s  # 2 ,  
# 4 ,  # 5 ,  # 9 ,  # 1 1 ,  a n d  # 1 5  were  i n v o l v e d  in ma rke r s  in  th ree  of the  cel l  l ines .  

In an  a r t ic le  p u b l i s h e d  in  1980, W a k e  et al. [10] r e p o r t e d  t he  cy togene t i c  f i nd ings  
in s h o r t - t e r m  (2-day) c u l t u r e s  of 12 p a p i l l a r y  s e rous  a d e n o c a r c i n o m a s  of the  ovary  
(5 p r i m a r y  t u m o r s  a n d  7 m e t a s t a t i c  t u m o r s  or ef fus ions) .  T h e  two  m o s t  f r e q u e n t  
ma rke r s  we re  6 q -  a n d  14q + ; b o t h  coex i s t ed  in 8 cases.  In 6 of t he se  cases,  m a r k e r s  

F igu re  7 Chromosome #6 abnormalities in ovarian cfncer in ~>50% of cells per specimen. 
Solid lines represent deletions, dots represent translocations, and numbers at bottom represent 
patient numbers. 

m l l  

6 

i 
2 9  



Ovar ian  Cancer  1 0 3 

Tab le  5 S t ruc tura l  abnormal i t i e s  
of c h r o m o s o m e  # 1 4  in 
ovar ian  cancer  (15 
pat ients ,  6 clonal)  

No. of Percent 
patients cells 

14q + 6 11%-50% 
i(14) 1 17% 
t(llq:14q) l 25% 
t(13;14) 5 14%-60% 
t(14;14) 1 41% 
t(14;15) 6 13%-45% 
dic(14;22) 2 7%-33% 

Table  6 Ovar ian  cancer:  N u m b e r  of c h r o m o s o m e s  
i n v o l v e d  in s t ructura l  abnormal i t i e s  per  
pat ient  

Unknown status (1 patient) 
4 

Untreated (14 patients) 
0, 0,  0, 0, 0,  1, 2 ~', 4", 4, 8 f~, 10 ~, 15 ~, 16 ~, 16 ~ 

Treated (29 patients) 
0, 1, 1, 2, 4, 4, 5 ~', 5 ~, 5 ~, 5 ~', 7 ~', 81~,8 ~,8 I', 9",9 t~, 
11 ~', 11 ~,, 11 t~, 11 l', 12 t~, 13 I~, 13 ~, 14 ~, 14 b, 17 ~, 17 ~', 18 b, 22 ~ 

'Median. 

*'Clone present. 

were  the resul t  of a rec ip roca l  t r ans loca t ion  b e t w e e n  the 2 [t(6;14)(q21;q24)]; in the 
o ther  2 cases wi th  both  markers ,  there  was no e v i d e n c e  that  c h r o m o s o m e  # 6  was  
the or igin  of the mater ia l  t rans loca ted  onto c h r o m o s o m e  #14 .  The  r e m a i n i n g  4 
cases had e i ther  6 q -  or 14q + .  In a s tudy  of ovar ian  cancer  f rom 3 dif ferent  sites 
in one  ind iv idua l ,  Kusyk et al. [11] also found  a 6 q -  marker  ( 6 q 1 3 - )  as we l l  as 11 
o ther  cons i s ten t  markers ,  i n c l u d i n g  3 de r ived  f rom c h r o m o s o m e  #1.  In our  44 
cases, on ly  17 pa t ien ts  had  abnormal i t i e s  of c h r o m o s o m e  # 6  (ranking n in th  to 
tenth;  see Fig. 5), and on ly  12 of these  s h o w e d  a de le t ion  of the q arm. Of the  3 
pat ients  s h o w i n g  6 q 2 1 - ,  none  had this abnormal i ty  in 50% or more  of thei r  cells,  
and of the 13 pat ients  w i t h  serous  pap i l l a ry  cys t adenoca rc inoma ,  on ly  2 had c lona l  
de le t ions  of 6q ( 6 q 2 3 -  and 6 q 2 4 - )  w h i l e  3 pat ients  had  de le t ions  of 6q in on ly  
one cell  each. F i f teen  pat ients  in this  series had  abnormal i t i e s  of c h r o m o s o m e  # 1 4  
and 6 of these  15 had 1 4 q + .  In no case cou ld  the mater ia l  t rans loca ted  to ch romo-  
some # 1 4  be iden t i f ied  as c o m i n g  from c h r o m o s o m e  #6 ,  and most  t r ans loca t ions  
i n v o l v e d  D- and G-group c h r o m o s o m e s .  Our  data  show no specif ic  markers  for ovar-  
ian cancer ,  i n c l u d i n g  no e v i d e n c e  of a 6q dele t ion.  In a recent  d i s cus s ion  of the 
6 q - ,  Trent  no ted  that  they  had observed  this same marker  in m e l a n o m a  cel ls  
g rown in the same agar co lony  sys tem as had been  used  for thei r  ovar ian  s tudies  
(personal  commun ica t i on ) .  This  marker  may  be an artifact p r o d u c e d  by in vi t ro  
se lec t ion  in the agar feeder  layer p rocedure  or absence  of this marker  in our  series 
cou ld  be a resul t  of the fact that  we did not  s tudy  p r imary  t umor  samples .  Howeve r ,  
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Table  7 Ovarian cancer: Number of 
chromosomes involved in structural 
abnormalities 

Patients studied within 2 months of diagnosis 
Total patients 
Patients with clone 
Number of chromosomes affected per patient 

0 ,0,0,0,  2, 3 °, 8 °'~', 10 b, 15 ~, 16 ~' 

10 
4 

Patients studied within 2 months of death 
Total patients 11 
Patients with clone 8 
Number of chromosomes affected per patient 

0", 1 ~', 3, 7 ~'b, 8 °'~', 8 ~'b, 10 a'b, 10 ~'b, 12 a'b, 15 ~'b, 16 t' 

"Chemotherapy. 
~'Clone. 

markers of this type have more of a tendency to remain than to disappear, as the 
karyotype becomes increasingly complex in metastatic tissue. 

Chromosome #1 abnormalities appear to be the most common cytogenetic ab- 
normality in ovarian cancer and have been reported in over 80% of the cases stud- 
ied by chromosome banding [5-11]. This is certainly true in the present study, 
where abnormalities of chromosome #1 were seen in 30/44 patients. The most com- 
mon abnormality in these 30 patients was lp  +,  which was seen in 16 patients, 10 
of whom had it in 50% or more of their cells. The source of the extra material 
translocated to lp  were chromosomes #1 (5 cases), #2 (1 case), #3 (5 cases), #7 
(1 case), #12 (1 case), #21 (1 case), and the X chromosome (1 case) (Table 1): one 
patient had two different l p  + markers. In two cases, the origin of the translocated 
material was unknown.  The second most frequent site of chromosome #1 abnor- 
malities was the long arm region containing bands 21-44:12  patients had deletions 
or translocations of this area in 50% or more of their cells. 

Involvement of the long arm of chromosome #1 has frequently been emphasized 
in human  malignancies, specifically regions lq25-32 in hematologic disorders [171, 
lq23-25 in myeloproliferative diseases [18], and lq21-25 in breast and colonic can- 
cer [19,20]. Abnormalit ies of chromosome #1 have also been reported in melanoma 
[21], Burkitt 's lymphoma [22], and small cell lung cancer [23]. Combining this in- 
formation with our own data, it appears that the long arm of chromosome #1 at 
band q21 or distal to it, whether duplicated or missing, may be somehow involved 
in neoplastic transformation. The other chromosomes most frequently involved in 
structural abnormalities were (in order of the number  of patients) #3, #2, #9, #10. 
#15, #4, #19, #6,  and #11; the chromosomes least involved were #5 and #21. 

Homogeneously staining regions (HSR) and double minutes (DM) are seen more 
frequently in tissue culture than in direct or short-term cultured specimens. Trent 
and Salmon [10] noted either HSR or DM in 20% of their agar cultures of ovarian 
cancer cells, and all four of Wood's [8] lines had DM in 6%-31% of the cells; one 
cell line had a marker chromosome with a possible HSR. DMs (4-117/ce11) were 
seen in all metaphases of a direct preparation of ascites from an untreated ovarian 
cancer patient reported by Olinici [2]. In the present study, one patient (case 6) had 
HSR on the short arm of chromosome #7 (7p) in 100% of her cells; DMs were noted 
in 2 patients, 1 untreated and 1 treated with PAC. HSRs and DMs are presently of 
great interest, particularly in regard to the study of drug resistance. They are 
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t h o u g h t  to r e p r e s e n t  a reas  of gene  a m p l i f i c a t i o n  [24, 25] in  r e s p o n s e  to d rug  expo-  
sure.  O n l y  one  of ou r  t h r ee  p a t i e n t s  w i t h  HSRs or DMs h a d  r e c e i v e d  a n y  c h e m o -  
the rapy .  T h e  m e c h a n i s m s  for t h e s e  p h e n o m e n a  r e m a i n  u n e x p l a i n e d  at p re sen t .  

Our  f i nd ings  i n d i c a t e  a c o r r e l a t i o n  b e t w e e n  t r e a t m e n t ,  d i s ease  d u r a t i o n ,  a n d  t he  
e x t e n t  of c h r o m o s o m a l  a b n o r m a l i t i e s  in  o v a r i a n  cancer .  We  n o t e d  an  i n c r e a s e  in 
the  n u m b e r  of c h r o m o s o m e s  i n v o l v e d  in  s t r u c t u r a l  a b n o r m a l i t i e s  in  p a t i e n t s  w h o  
h a d  r ece ived  c h e m o t h e r a p y :  in  13 u n t r e a t e d  pa t i en t s ,  t he  m e d i a n  n u m b e r  of s u c h  
c h r o m o s o m e s  was  3 ( range 0 -16) ,  w h i l e  in  t he  29 t r e a t ed  p a t i e n t s  t he  m e d i a n  was  
9 ( range 0 -22) .  A n  i n c r e a s e  in  the  n u m b e r  of s t r u c t u r a l  a b n o r m a l i t i e s  was  a lso  ob- 
s e rved  to o c c u r  w i t h  p rogress  of the  d i sease .  In t h o s e  p a t i e n t s  s t u d i e d  w i t h i n  2 
m o n t h s  of d i agnos i s ,  t he  m e d i a n  w as  2 c h r o m o s o m e s  i n v o l v e d  in  s t r u c t u r a l  a b n o r -  
ma l i t i e s  v e r s u s  a m e d i a n  of 8 c h r o m o s o m e s  i n v o l v e d  w i t h i n  2 m o n t h s  of dea th .  

In s u m m a r y ,  t he  r e s u l t s  of our  cy togene t i c  s t u d y  of 44 p a t i e n t s  s h o w e d  tha t  
all  h a d  a n e u p l o i d y  w i t h  e x t e n s i v e  a n d  c o m p l e x  n u m e r i c a l  a n d  s t r u c t u r a l  a b n o r -  
mal i t i es .  C h r o m o s o m e  # 1  was  m o s t  f r e q u e n t l y  i n v o l v e d  in  s t ruc tu ra l  a b n o r m a l i t i e s ,  
bu t  no  speci f ic  a b n o r m a l i t y  was  o b s e r v e d  in  t he  t u m o r  cel ls  of t he se  pa t i en t s .  T h e  
degree  of s t r u c t u r a l  a b n o r m a l i t i e s  c o r r e l a t e d  w i t h  b o t h  t r e a t m e n t  a n d  d u r a t i o n  of 
the  d i sease .  
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